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%HQ:LOWVKLUH5DMHVK*RYLQGDQ,YDQ$VWLQDQG$GULDQ1(YDQV

'HSDUWPHQWRI(OHFWURQLF	(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI%DWK8.
'HSDUWPHQWRI(DUWK6FLHQFHDQG(QJLQHHULQJ,PSHULDO&ROOHJH/RQGRQ8.

$%675$&7

7KHLGHQWLILFDWLRQDQGWUDFNLQJRIDWPRVSKHULFGXVWLVLPSRUWDQWWR
PDQ\ GLVFLSOLQHV GXH WR LWV LPSDFW RQ WKH FOLPDWH DQG HFRORJLFDO
V\VWHPV6HQVRUVRQERDUGH[LVWLQJLPDJLQJVDWHOOLWHVVXFKDV06*
DQG &$/,362 SURYLGH JRRG KRUL]RQWDO DQG YHUWLFDO UHVROXWLRQ
UHVSHFWLYHO\ DQG WKHUHIRUH WKH UHVROXWLRQ RI DQ\ GXVW SURGXFWV
GHULYHGVROHO\IURPRQHVHQVRUZLOOEHOLPLWHGLQWKHVDPHPDQQHU
DV WKH VHQVRU :H SURSRVH D QHZ PHWKRG RI LGHQWLI\LQJ GXVW
GLVWULEXWLRQV LQ WKH DWPRVSKHUH XVLQJ GDWD IURP WZR VHSDUDWH
VDWHOOLWH VRXUFHV WKH 6(9,5, RQERDUG 06* DQG WKH &$/,362
OLGDU 7KH DSSURDFK HPSOR\V D VXSHUYLVHG FODVVLILFDWLRQ PHWKRG
XVLQJ WH[WXUHGDWDGHULYHG IURPDEDQNRI*DERUILOWHUV2QFHWKH
GXVW KDV EHHQ LGHQWLILHG WKH 6(9,5, GDWD LV DXJPHQWHG ZLWK
YHUWLFDO &$/,362 GDWD WR SURGXFH D ò' GXVW FORXG WRS KHLJKW
GLVWULEXWLRQ

,QGH[7HUPV²$WPRVSKHULFGXVW6(9,5,&$/,362LPDJH
WH[WXUHDQDO\VLVUHPRWHVHQVLQJ*DERUILOWHUV

,1752'8&7,21

$WPRVSKHULF GXVW SDUWLFOHV KDYH D ZLGH UDQJLQJ LQIOXHQFH RQ
FOLPDWLFDWPRVSKHULFDQGHFRORJLFDOV\VWHPVDQGLPSDFWRQJOREDO
ZDUPLQJ RFHDQ FLUFXODWLRQ DQG WKH OHYHO KXUULFDQH DFWLYLW\ 7KH
DELOLW\ RI GHWHUPLQH D IXOO\ WKUHHGLPHQVLRQDO ' VSDWLR
WHPSRUDO GLVWULEXWLRQ RI DWPRVSKHULF GXVW ZRXOG WKHUHIRUH EH RI
JUHDWEHQHILWWRJHRVFLHQWLVWVZRUNLQJLQDZLGHUDQJHRIGLVFLSOLQHV
VXFKDVPHWHRURORJ\FOLPDWRORJ\DQGRFHDQRJUDSK\+RZHYHU WR
GRWKLVWKHUHDUHPDQ\FKDOOHQJHVWKDWDUHVWLOOWREHVROYHG
0DMRUDGYDQFHVLQWKHVWXG\RIDWPRVSKHULFGXVWSDUWLFOHVKDYH
UHVXOWHG IURP WKH XVH RI QHWZRUNV RI JURXQGEDVHG VHQVRUV DQG
LPDJLQJ VDWHOOLWHV 7KH 6SLQQLQJ(QKDQFHG9LVLEOH DQG ,QIUD5HG
,PDJHUV 6(9,5, RQ WKH (6$ 0HWHRVDW 6HFRQG *HQHUDWLRQ
06* VDWHOOLWHV SURYLGH KLJKUHVROXWLRQ UHPRWHO\VHQVHG LPDJHV
HYHU\  PLQXWHV 7KHVH FDQ EH XVHG WR SURYLGH ' GXVW
GLVWULEXWLRQVIRUH[DPSOHWKH(80(76$7GXVWSURGXFW>@ZKLFK
KDYHKLJKKRUL]RQWDOUHVROXWLRQEXWOLWWOHRUQRYHUWLFDOLQIRUPDWLRQ
,Q FRQWUDVW JURXQGEDVHG QHWZRUNV VXFK DV $HURVRO 5RERWLF
1HWZRUN $(521(7 KWWSDHURQHWJVIFQDVDJRY >@ DQG
($5/,1(7 (XURSHDQ $HURVRO 5HVHDUFK /,GDU 1(7ZRUN FDQ
PHDVXUHWKHYHUWLFDOVWUXFWXUHRIGXVWEXWRQO\RYHUWKHORFDWLRQRI
LQGLYLGXDO PHDVXUHPHQW VLWHV )XUWKHUPRUH DV JURXQGEDVHG
QHWZRUNVDUHFRQILQHG WR ODQG WKH\FDQQRWPRQLWRU WKH WZRWKLUGV
RI WKH (DUWK¶V VXUIDFH FRYHUHG E\ RFHDQV JUHDWO\ KLQGHULQJ WKHLU
XVHLQJOREDOVFDOHVWXGLHV
7KH &$/,362 VDWHOOLWH ZDV ODXQFKHG LQ $SULO  DQG
IROORZV D GD\ UHSHDWLQJ SRODU RUELW >@ ,WV RQERDUG OLGDU
SURGXFHV FRQWLQXRXV DORQJWUDFN YHUWLFDO VHFWLRQV RI WKH
DWPRVSKHUHWKXVSURYLGLQJLQIRUPDWLRQRQWKHYHUWLFDOVWUXFWXUHRI
WKH ORZHU DWPRVSKHUH ZLWK D JOREDO FRYHUDJH QRW SUHYLRXVO\
DYDLODEOH ,QDGGLWLRQWR WKH OLGDU&$/,362DOVRKDVDFKDQQHO
,,5 VHQVRU WKDWPHDVXUHV WKH EULJKWQHVV WHPSHUDWXUHRYHU D NP
FURVVVHFWLRQ FHQWHUHG RQ WKH RYHUSDVV 7KHUHIRUH DOWKRXJK WKH
6(9,5,DQG&$/,362GDWDDUHFRPSOLPHQWDU\DQGFDQLQWKHRU\
EHFRPELQHGWRSURGXFH'GXVWGLVWULEXWLRQVWKHLU WHPSRUDODQG
VSDWLDO UHVROXWLRQV DUH QRW ZHOO PDWFKHG 6(9,5, LPDJHV KDYH
JRRG ODWLWXGLQDO ORQJLWXGLQDO DQG WHPSRUDO UHVROXWLRQ EXW YHU\
SRRU YHUWLFDO UHVROXWLRQ ZKLOVW &$/,362¶V FURVVVHFWLRQ KDV
H[FHOOHQWYHUWLFDODQGDORQJWUDFN UHVROXWLRQVEXWSRRUFURVVWUDFN
DQGWHPSRUDOUHVROXWLRQV
7KLV SDSHU DGGUHVVHV WKH NH\ FKDOOHQJH RI KRZ WR FRPELQH
&$/,362DQG6(9,5,GDWDWRVWXG\DQGTXDQWLI\WKHGLVWULEXWLRQ
RIDWPRVSKHULFGXVW$OWKRXJKRXUXOWLPDWHDLPLV WRJHQHUDWH'
WLPHYDU\LQJGLVWULEXWLRQVKHUHDPHWKRGRORJ\IRUGHWHUPLQLQJDQ
LQWHUPHGLDWH VWDWLF òGLPHQVLRQDO KRUL]RQWDO SOXV GXVW FORXG
WRS KHLJKW LV SUHVHQWHG 7KH SURSRVHG WHFKQLTXH KDV WKUHHPDLQ
VWDJHV )LUVW WKH&$/,362 RYHUSDVV LV UHJLVWHUHG WR WKH 6(9,5,
LPDJHV7KLVHQDEOHVWKH&$/,362YHUWLFDOIHDWXUHPDVN9)0WR
LGHQWLI\ WKH ORFDWLRQRIDQ\GXVWXQGHU WKH&$/,362RYHUSDVV LQ
WKH6(9,5, LPDJH7KHNQRZQGXVW ORFDWLRQVZLWKLQ WKH6(9,5,
LPDJHSURYLGHDWUDLQLQJVHWZKLFKFDQEHXVHGLQWKHVHFRQGVWDJH
ZKLFK LV WKH LGHQWLILFDWLRQ RI GXVW ORFDWLRQV HOVHZKHUH LQ WKH
6(9,5,LPDJH7RGRWKLVDVXSHUYLVHGFODVVLILFDWLRQDOJRULWKPLV
DSSOLHGWRWH[WXUDOGHULYHGIURPD*DERUILOWHUEDQN
7KHILQDOVWDJHLVWRXVHGXVWFORXGWRSKHLJKWLQIRUPDWLRQIURP
WKH &$/,362 9)0 WR FDOLEUDWH WKH FRQYHUVLRQ RI 6(9,5,
UDGLDQFH LPDJHV WR EULJKWQHVV WHPSHUDWXUH WKXV DXJPHQWLQJ WKH
WZRGLPHQVLRQDO KRUL]RQWDO GXVW GLVWULEXWLRQ ZLWK GXVW FORXG WRS
KHLJKWV7KHVHWKUHHVWDJHVDUHGHVFULEHGLQPRUHGHWDLOEHORZDQG
DUH LOOXVWUDWHG IRU WKH SDUWLFXODU DSSOLFDWLRQ RI 6DKDUDQ GXVW
RXWEUHDNV

,0$*(5(*,675$7,21

7KHILUVWVWHSRIWKHLPDJHUHJLVWUDWLRQVWDJHLVWRREWDLQD6(9,5,
LPDJH WKDW PDWFKHV WKH WLPH DQG JHRJUDSKLFDO ORFDWLRQ RI
&$/,362¶VRYHUSDVV6(9,5,LPDJHVDUHJHQHUDWHGDWIL[HGWLPH
ZKHUHDV WKH9)0 LV WLHG WR WKH&$/,362JULGSDWWHUQ$OWKRXJK
WKH WLPH YDULHV ZLWK DORQJ WUDFN SRVLWLRQ WKH DSSURDFK DGRSWHG
KHUH LV WR DVVXPH WKDW WLPH LV ORFDOO\ FRQVWDQW DQG WR VHOHFW WKH
FORVHVW 6(9,5, LPDJH WR &$/,362¶V RYHUSDVV WLPH 7KLV LV D
UHDVRQDEOH DVVXPSWLRQ DV LQ WKH ZRUVW FDVH WKH HUURU ZLWK EH
aPLQV
7R VLPSOLI\ WKH UHJLVWUDWLRQ WKH 6(9,5, LPDJHV DUH ILUVW
UHPDSSHGVRWKDWWKHSL[HOVDUHOLQHDUZLWKODWLWXGHORQJLWXGH7KH
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
)LJ  6DKDUDQ GXVW RXWEUHDN RQ  5HFRQVWUXFWHG
YHUWLFDO IHDWXUHPDVN IURP WKH&$/,362GDWD IRU DQRYHUSDVV RI
1RUWK$IULFDIURP87
JHRJUDSKLFDOODWLWXGHDQGORQJLWXGHRIWKH9)0GDWDHQWULHVHQDEOH
WKHPWREHPDSSHGWRWKHFRUUHVSRQGLQJSL[HOORFDWLRQVZLWKLQWKH
UHSURMHFWHG 6(9,5, LPDJH )LJV  DQG  VKRZ WKH &$/,362
9)0 DQG WKH FRUUHVSRQGLQJ ,5 LPDJH IRU D 6DKDUDQ GXVW
RXWEUHDNIURP

'867,'(17,),&$7,21

7R LGHQWLI\ GXVW LQ WKH 6(9,5, LPDJH D VXSHUYLVHG WH[WXUH
VHJPHQWDWLRQ VFKHPH LV SURSRVHG ,Q WKLV DSSURDFK WKH GXVW IODJ
IURP WKH UHJLVWHUHG &$/,362 9)0 LV XVHG WR LGHQWLI\ WKH
ORFDWLRQV LQ WKH RYHUSDVV ZKHUH GXVW LV SUHVHQW WKDW DUH
VXEVHTXHQWO\ XVHG DV WUDLQLQJ GDWD IRU D VXSHUYLVHG VHJPHQWDWLRQ
DOJRULWKP (DFK9)0HQWU\ LV FODVVLILHG DV RQH RI  FODVVHV VHH
)LJ ZLWK WKH DHURVRO FODVV EHLQJ IXUWKHU GLYLGHG LQWR  VXE
FODVVHV7KHYHUVLRQRIWKHDOJRULWKPXVHGKHUHLVY>@DQGLQ
WKH 9)0 H[DPSOH VKRZQ LQ )LJ WKH DHURVRO IHDWXUH HQWLUHO\
FRQVLVWVRIWKHPLQHUDOGXVWVXEFODVV
7H[WXUDO IHDWXUHV ZHUH JHQHUDWHG E\ DSSO\LQJ D EDQN RI '
*DERUILOWHUVWRWKHUHPDSSHG6(9,5,LPDJH7KHPDJQLWXGHRIWKH
*DERU ILOWHUV UHVSRQVHV ZDV VHOHFWHG DV LW KDV EHHQ VKRZQ WR
SURGXFH D FRQVLVWHQWO\ JRRG VHJPHQWDWLRQ SHUIRUPDQFH DQG LV
VLPSOH WR LPSOHPHQW >@*DERU ILOWHUV KDYH DOVR SUHYLRXVO\ EHHQ
XVHGWRLGHQWLI\RWKHUDHURVROVQDPHO\EODFNVPRNHFDXVHGE\RLO
ILUHVLQ,5LPDJHVDQGIRXQGWREHPRUHHIILFLHQWDQGUREXVWWKDQ
PHWKRGV EDVHG RQ IHDWXUHV IURP WKH *UD\ /HYHO &RRFFXUUHQFH
*/&0>@
7KH *DERU ILOWHU SDUDPHWHUV ZHUH VHW E\ VHOHFWLQJ D IL[HG
DQJXODU VSDFLQJ IRU WKH ILOWHU RULHQWDWLRQ ZKLFK GHILQHG WKH
RULHQWDWLRQ EDQGZLGWK %T 1RUPDOO\  RU  RULHQWDWLRQV ZHUH
VHOHFWHG WR SURYLGH UHDVRQDEOH FRYHUDJH LQ WKH VSDWLDOIUHTXHQF\
GRPDLQ>@7KHUDGLDOEDQGZLGWK%UZDVFDOFXODWHGWRPD[LPL]H
WKH FRYHUDJH LQ WKH IUHTXHQF\ GRPDLQ ZKLOVW PLQLPL]LQJ ILOWHU
RYHUODS7KHIUHTXHQFLHVXVHGZHUHVHOHFWHGE\FDOFXODWLQJDSHDN
IUHTXHQF\DQGWKHQVHWWLQJIXUWKHUYDOXHVVHSDUDWHGE\RFWDYH>@
$V ORZHU YDOXHV RI IUHTXHQF\ FRUUHVSRQG WR ODUJHU VSDWLDO
YDULDWLRQVXVLQJ WRR ORZD IUHTXHQF\SURGXFHV UHVSRQVHV WKDWDUH
VSDWLDOO\ WRR ODUJH WR EH WH[WXUDO /RZHU IUHTXHQF\ YDOXHV DOVR
UHTXLUHODUJHUILOWHUVZKLFKLQFUHDVHVWKHFRPSXWDWLRQWLPH
&RS\ULJKW(80(76$7 
)LJ,506*LPDJHIURP87RQZLWKWKH
&$/,362RYHUSDVVPDUNHGLQEOXHDQGGXVWORFDWLRQVLQUHG
7KHUHIRUH LQ RXU LPSOHPHQWDWLRQ RQO\ WKH  KLJKHVW IUHTXHQFLHV
ZHUH FRQVLGHUHG 7KH H[WHQW RI *DXVVLDQ HQYHORSH FDQ WKHQ EH
FDOFXODWHGE\VHWWLQJWKHFXWRIILQIUHTXHQF\DQGDQJXODUGLUHFWLRQ
WRG%>@DQGWUXQFDWLQJWKHILOWHUDWV>@
7KH DSSOLFDWLRQ RI *DXVVLDQ VPRRWKLQJ LV NQRZQ WR LPSURYH
WKH SHUIRUPDQFH RI WH[WXUH DQDO\VLV XVLQJ *DERU ILOWHUV >@ 7KLV
FDQEHDFKLHYHGE\DSSO\LQJD*DXVVLDQILOWHUZKRVHVL]HPDWFKHV
WKDWRIWKH*DXVVLDQHQYHORSHRIWKHFRUUHVSRQGLQJ*DERUILOWHUWR
HDFKRIWKH*DERUILOWHUEDQNUHVSRQVHV
7KHUHVSRQVHV WR WKH*DERUILOWHUEDQNIRUPDKLJKGLPHQVLRQ
IHDWXUHVSDFH,VVXHVRIFRPSXWDWLRQDOFRPSOH[LW\PDNHWKHGLUHFW
DSSOLFDWLRQRIDQDXWRPDWHGFODVVLILFDWLRQDOJRULWKPWRWKLVIHDWXUH
VSDFH LPSUDFWLFDEOH7RPDNH WKH SURFHVV WUDFWDEOH FODVVLILFDWLRQ
FDQ EH SHUIRUPHG XVLQJ D IHDWXUH VXEVHW LGHDOO\ FRQVLVWLQJ RI
WKRVH ILOWHU UHVSRQVHV WKDW JLYH D JRRG GLVFULPLQDWLRQ EHWZHHQ
FODVVHV
:KHQ WKHUH DUH WZR GLVWLQFW WH[WXUHV WR LGHQWLI\ WKH
GLVFULPLQDWLRQ DELOLWLHV RI WKH *DERU ILOWHUV FDQ EH UDQNHG
DFFRUGLQJWRWKHRYHUODSEHWZHHQWKHUHVXOWLQJ3')VIRUHDFKFODVV
DOORZLQJDVXLWDEOH ILOWHU VXEVHW WREHVHOHFWHG >@$OWKRXJKWKLV
PD\ DSSHDU DQ DWWUDFWLYH DSSURDFK WR VHJPHQWLQJ WKH 6(9,5,
LPDJHV LQWRGXVWDQGQRQGXVWFDWHJRULHV LW LVQRWDSSURSULDWHDV
LQUHDOLW\WKHQRQGXVWFDWHJRU\FDQFRQWDLQPXOWLSOHWH[WXUHVVXFK
DVFORXGVRWKHUDHURVROVDQGODQGDQGVHDVXUIDFHV
,QVWHDG D VHTXHQWLDO ILOWHUSLFNLQJPHWKRG LVSURSRVHG EDVHG
RQ WKH YHFWRU VHOHFWLRQ DOJRULWKP RI >@ 7KLV LV DQ LWHUDWLYH
DSSURDFK DOORZV D IHDWXUH YHFWRU WR EH EXLOW E\ DGGLQJ RQH ILOWHU
UHVSRQVH DW D WLPH XVLQJ D TXDQWLWDWLYH PHDVXUH RI WKH
FODVVLILFDWLRQSHUIRUPDQFHDFKLHYHGRQWKHWUDLQLQJVHWWRVHOHFWDQ
DGGLWLRQDOILOWHUDWHDFKVWHS
7KH0DKDODQRELVGLVWDQFH0'IRUHDFK*DERUILOWHUUHVSRQVH
LVFDOFXODWHGXVLQJNQRZQGXVWSL[HOVIURPWKHWUDLQLQJVHW8VLQJ
WKHWUDLQLQJGDWDDQXSSHUFRQWUROOLPLW8&/LVGHILQHGXVLQJWKH
+RWHOOLQJ7VTXDUHGWHVWDVWKHWUXHFRYDULDQFHPDWUL[LVXQNQRZQ
>@7KHWHVWWUHDWVWKHVTXDUH0'YDOXHVDV7VTXDUHGYDOXHVDQG
FODVVLILHVSL[HOV DVGXVWZKHQ WKHYDOXHVDUHEHORZWKH8&/7KH
RYHUDOOFODVVLILFDWLRQSHUIRUPDQFHLVWKHQHYDOXDWHGIRUWKHWUDLQLQJ
VHWXVLQJWKHJHRPHWULFPHDQ*0JLYHQE\

*0  7173  

ZKHUH 73 DQG 71 DUH WKH QXPEHU RI WUXH SRVLWLYHV DQG WUXH
QHJDWLYHVUHVSHFWLYHO\>@
III - 179

D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E

F       G
)LJ'HWHFWHGGXVWZKLWHZLWKLQWKH6(9,5,LPDJHRI)LJZLWKWKH&$/,362RYHUSDVVPDUNHGLQEOXHDQGWKHGXVWORFDWLRQVPDUNHG
LQUHG5HVXOWVIRUDIHDWXUHYHFWRURIOHQJWKDEFDQGGWKHFRUUHVSRQGLQJ06*GXVWSURGXFWLPDJH
7KH ILOWHU ZLWK WKH EHVW FODVVLILFDWLRQ SHUIRUPDQFH LH WKH
KLJKHVW*0YDOXHLVVHOHFWHG7KLVSURFHVVLVWKHQUHSHDWHGXVLQJ
DOORWKHUILOWHUVLQFRQMXQFWLRQZLWKWKHILOWHUDOUHDG\FKRVHQDQGWKH
ILOWHUWKDWSURGXFHVWKHJUHDWHVWLPSURYHPHQWLQWKH*0LVDGGHGWR
WKHIHDWXUHYHFWRU7KLVSURFHVVLVUHSHDWHGXQWLOWKHIHDWXUHYHFWRU
UHDFKHV WKH GHVLUHG OHQJWK $Q DOWHUQDWLYHO\ DSSURDFK LV WR NHHS
DGGLQJ ILOWHUV WR WKH IHDWXUH YHFWRU XQWLO D SDUWLFXODU OHYHO RI
FODVVLILFDWLRQSHUIRUPDQFHLVDFKLHYHG
7KH VHTXHQWLDO ILOWHU VHOHFWLRQ DSSURDFK PLPLFV WKH RSWLPDO
DSSURDFKRIHYDOXDWLQJHYHU\SRVVLEOHFRPELQDWLRQRIILOWHUVIRUD
JLYHQOHQJWKIHDWXUHYHFWRUEXWKDVDJUHDWO\UHGXFHGFRPSXWDWLRQDO
H[SHQVH,WDOVRSURYLGHVDIUDPHZRUNWKDWDOORZVWH[WXUHPHDVXUHV
GHULYHG IURP DGGLWLRQDO VRXUFHV WR WKH *DERU ILOWHU EDQN IRU
H[DPSOH WKH */&0 RU PRUSKRORJLFDO JUDQXORPHWULHV WR EH
LQFRUSRUDWHG DV FDQ GLIIHUHQW PHWULFV IRU HYDOXDWLQJ WKH
FODVVLILFDWLRQSHUIRUPDQFH
)LJVKRZVWKHUHVXOWVIURPWKHFODVVLILFDWLRQSURFHVVIRUWKH
6(9,5, LPDJH RI )LJ  XVLQJ WKH VHTXHQWLDO ILOWHU VHOHFWLRQ
DOJRULWKP WR FUHDWH IHDWXUH YHFWRUV RI GLIIHUHQW VL]HV 7KH *DERU
ILOWHUEDQNFRQVLVWHG RI ILOWHUV DW RULHQWDWLRQV %T Û DQGDW
WKHKLJKHVW IUHTXHQFLHV JLYLQJ D IHDWXUH VSDFHFRQVLVWLQJRI
*DERUILOWHUUHVSRQVHV*DXVVLDQSRVWILOWHULQJZDVDSSOLHGXVLQJD
*DXVVLDQHQYHORSHRI WKHVL]HRIWKDWXVHGLQWKH*DERUILOWHU
$OVR VKRZQ LV WKH 06* GXVW SURGXFW IRU WKH VDPH WLPH DQG
JHRJUDSKLFDOORFDWLRQLQZKLFKWKHSUHVHQFHRIGXVWLVLQGLFDWHGE\
WKHFRORXUPDJHQWD,WFDQEHVHHQWKDWWKH06*GXVWSURGXFWGRHV
QRWDJUHHZLWKWKH&$/,362GDWDIRUDOOORFDWLRQVRQWKHRYHUSDVV
DQG WKHUHIRUH FDQ QRW EH UHJDUGHG DV JURXQG WUXWK +RZHYHU LW
GRHV HQDEOH D TXDOLWDWLYH YLVXDO FRPSDULVRQ ZLWK WKH GXVW
FODVVLILFDWLRQUHVXOWVWREHSHUIRUPHG
)LJ D WR F VKRZ WKDW D PRUH UHDOLVWLF FODVVLILFDWLRQ
SHUIRUPDQFH LV DFKLHYHG DV DGGLWLRQDO ILOWHUV DUH DGGHG WR IHDWXUH
YHFWRU :LWK D IHDWXUH YHFWRU RI OHQJWK  VRPH FRUUHVSRQGHQFH
EHWZHHQWKHFODVVLILFDWLRQUHVXOWDQGWKHSHUFHLYHGREVHUYDEOHGXVW
LQWKH06*GXVWSURGXFWLVDFKLHYHG,WLVLPSRUWDQWWRQRWHWKDWDV
WKHWUDLQLQJGDWDLVJHQHUDWHGIURPWKH&$/,3629)0ZHH[SHFW
WKH FODVVLILFDWLRQ WR EH ZHOODGDSWHG WR WKH &$/,362 RYHUSDVV
7KHUHPDLQLQJDUHDQRWXQGHUWKH&$/,362RYHUSDVVWKHPDMRULW\
RI WKH 6(9,5, LPDJH UHSUHVHQWV D QHZ GDWD VHW ZKHUH QR SULRU
NQRZOHGJHRIWKHSUHVHQFHRIGXVWH[LVWV

'867&/28'723+(,*+7

2QFH WKHGXVW LQ WKH6(9,5, LPDJHKDVEHHQFODVVLILHG WKHFORXG
WRS KHLJKW FDQ EH IRXQG E\ ILUVW FRQYHUWLQJ WKH6(9,5, UDGLDQFH
LPDJH WR EULJKWQHVV WHPSHUDWXUH 3URYLGLQJ WKH GXVW LV EHORZ
NP WKHYDULDWLRQRI WHPSHUDWXUH LV OLQHDUZLWKDOWLWXGH5REXVW
UHJUHVVLRQ XVLQJ D ELVTXDUH IXQFWLRQ ZDV XVHG WR GHWHUPLQH WKH
FRQYHUVLRQEHWZHHQEULJKWQHVVWHPSHUDWXUHDQGDOWLWXGHFDOLEUDWHG
XVLQJWKH&$/,362GDWDIRUGXVWXQGHUWKHRYHUSDVV7KLV
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
)LJ'XVW&ORXGWRSKHLJKWLQPHWUHVGHULYHGXVLQJUHODWLRQVKLS
EHWZHHQ DOWLWXGH IURP WKH &$/,362 RYHUSDVV DQG EULJKWQHVV
WHPSHUDWXUHIURPWKH6(9,5,LPDJH
FRQYHUVLRQ ZDV VXEVHTXHQWO\ XVHG WR FRQYHUW WKH EULJKWQHVV
WHPSHUDWXUH WR DOWLWXGH IRU GXVW HOVHZKHUH LQ WKH 6(9,5, LPDJH
)LJSUHVHQWVWKHUHVXOWVRIWKLVSURFHVVIRUWKHGXVWFODVVLILFDWLRQ
UHVXOWXVLQJDIHDWXUHYHFWRURIOHQJWKIURP)LJ

&21&/86,216$1'',6&866,21

$QHZDSSURDFKWRWKHLGHQWLILFDWLRQRIDWPRVSKHULFGXVWKDVEHHQ
SUHVHQWHG7KHPHWKRGXVHVFRPSOLPHQWDU\&$/,362DQG6(9,5,
GDWD WRSURGXFHDò'LPDJHRI WKHGXVWFORXGWRSKHLJKWDQGLV
LQLWLDOO\DSSOLHGWRDQH[DPSOH6DKDUDQGXVWRXWEUHDN2XUXOWLPDWH
DLPLVWRH[WHQGWKLVDSSURDFKWRSURGXFH'WLPHYDU\LQJLPDJHV
FDSDEOH RI XQGHUSLQQLQJ WKH VWXG\ RI DWPRVSKHULF GXVW
GLVWULEXWLRQVRQDJOREDOVFDOH
$OWKRXJK WR GDWH D TXDQWLWDWLYH HYDOXDWLRQ RI WKH DSSURDFK
XVLQJGDWDIURPRWKHUGXVWGHWHFWLRQPHWKRGVVXFKDVWKH,'',RU
$(521(7 KDV QRW EHHQ SHUIRUPHG WKH ZRUN SUHVHQWHG LQ WKLV
LQLWLDOVWXG\VKRZVWKHDSSURDFKWREHSUDFWLFDODQGWRKDYHPXFK
SRWHQWLDOIRUIXUWKHUZRUN9DOLGDWLRQDJDLQVWLQGHSHQGHQWVRXUFHV
RI GXVW GDWD LV WKH QH[W SKDVH RI WKH ZRUN ZKLFK ZLOO HQDEOH D
TXDQWLWDWLYHSHUIRUPDQFHHYDOXDWLRQ
$TXDQWLWDWLYH HYDOXDWLRQZLOO DOVREHXVHG WR IXUWKHUGHYHORS
WKH VHTXHQWLDO VHOHFWLRQ DOJRULWKPXVHG IRUSRSXODWLQJ WKH IHDWXUH
YHFWRU,VVXHVWREHLQYHVWLJDWHGLQFOXGHDOWHUQDWLYHPHWULFVDQGWKH
LQFRUSRUDWLRQ RI RWKHU WH[WXUH IHDWXUHV HLWKHU IURPRWKHU6(9,5,
FKDQQHOV RU GHULYHG XVLQJ DOWHUQDWLYHV WR *DERU ILOWHUV :H DOVR
LQWHQG WRXVH WKHTXDQWLWDWLYHHYDOXDWLRQPHWKRGRORJ\WRFRPSDUH
WKHSHUIRUPDQFHRI WKH VHTXHQWLDO IHDWXUHVHOHFWLRQ DSSURDFKZLWK
VWDQGDUG WHFKQLTXHV IRU UHGXFLQJ WKH GLPHQVLRQV RI PXOWLYDULDWH
GDWD IRU FODVVLILFDWLRQ SXUSRVHV VXFK DV SULQFLSDO FRPSRQHQW
DQDO\VLV
)LQDOO\ WKH DSSOLFDWLRQ RI WH[WXUDO LQIRUPDWLRQ IURP LPDJHV
PDWFKLQJWKH&$/,362RYHUSDVVZLOOEHDSSOLHGWRLPDJHVRIWKH
VDPH JHRJUDSKLFDO UHJLRQ ZLWKLQ D VKRUW WHPSRUDO ZLQGRZ 7KLV
ZRXOGDOORZIRUH[DPSOHWKHWH[WXUHRIGXVWGDWDIURPWKH,5
6(9,5, LPDJH DW 87  WR EH XVHG WR FODVVLI\ GXVW LQ WKH
,5 LPDJHV DW87DQG+HUH WKHDVVXPSWLRQ WKDW
WKHGXVWWH[WXUHLVFRQVWDQWRYHUDVKRUWWLPHVFDOHZRXOGDOORZGXVW
WR EH LGHQWLILHG LQ 6(9,5, LPDJHU\ ZLWKRXW D FRUUHVSRQGLQJ
&$/,362RYHUSDVV SURYLGLQJRQHKDSSHQHGVXIILFLHQWO\FORVH LQ
WLPH

5()(5(1&(6

>@ (80(76$75*% GXVW SURGXFW KWWSRLVZZZHXPHWVDWRUJ
,336KWPO'HULYHG3URGXFWV06*'867
>@ % 1 +ROEHQ HW DO ³$(521(7$ IHGHUDWHG LQVWUXPHQW
QHWZRUN DQG GDWD DUFKLYH IRU DHURVRO FKDUDFWHUL]DWLRQ´
5HPRWH6HQVLQJRI(QYLURQPHQWO
>@ '0 :LQNHU -5 3HORQ DQG 03 0F&RUPLFN ³7KH
&$/,362 0LVVLRQ 6SDFHERUQH /LGDU IRU REVHUYDWLRQ RI
DHURVROVDQGFORXGV´LQ3URF63,(/LGDU5HPRWH6HQVLQJIRU
,QGXVWU\ DQG (QYLURQPHQW 0RQLWRULQJ ,,, YRO  
SS
>@ &$/,362 4XDOLW\ 6WDWHPHQWV /LGDU /HYHO  9)0
KWWSHRVZHEODUFQDVDJRY352'2&6FDOLSVR4XDOLW\B6XP
PDULHV&$/,23B/9)03URGXFWVBKWPO
>@ '$ &ODXVL 0 (G -HUQLJDQ ³'HVLJQLQJ *DERU ILOWHUV IRU
RSWLPDO WH[WXUH VHSDUDELOLW\´ 3DWWHUQ 5HFRJQLWLRQ 9RO 
QR1RYHPEHUSS
>@ .KD]HQLH 1 DQG /HH 7) ³,GHQWLILFDWLRQ RI $HURVRO
)HDWXUHV 6XFK DV 6PRNH DQG'XVW LQ 12$$$9+55'DWD
8VLQJ6SDWLDO7H[WXUHV´LQ3URF,QW*HRVFLHQFHDQG5HPRWH
6HQVLQJ6\PSRVLXPSS0D\
>@ -DLQ $ DQG +HDOH\ * ³$ PXOWLVFDOH UHSUHVHQWDWLRQ
LQFOXGLQJ RSSRQHQW FRORU IHDWXUHV IRU WH[WXUH UHFRJQLWLRQ´
,(((7UDQV  ,PDJH3URFHVVLQJ YRO  QR  SS 
-DQ
>@ %RYLN $& &ODUN 0 DQG *HLVOHU :6 ³0XOWLFKDQQHO
WH[WXUH DQDO\VLV XVLQJ ORFDOL]HG VSDWLDO ILOWHUV´ ,((( 7UDQV
3DWWHUQ$QDO\VLVDQG0DFKLQH,QWHOOLJHQFHYROQRSS
-DQ
>@ 'XQQ ' DQG +LJJLQV :( ³2SWLPDO *DERU ILOWHUV IRU
WH[WXUHVHJPHQWDWLRQ´,(((7UDQV,PDJH3URFHVVLQJYRO
QRSS-XO
>@7UHGZHOO6DQG(YDQV$1³$VHTXHQWLDOYHFWRUVHOHFWLRQ
DOJRULWKP IRU FRQWUROODEOH EDQGZLGWK PRWLRQ GHVFULSWLRQ
HQFRGLQJ´ LQ 3URF ,((( ,QW 6\PSRVLXP RQ ,QWHOOLJHQW
0XOWLPHGLD9LGHRDQG6SHHFK3URFHVVLQJSS0D\

>@) 0DF*UHJRU DQG 7 .RXUWL ³6WDWLVWLFDO SURFHVV FRQWURO RI
PXOWLYDULDWHSURFHVVHV´&RQWURO(QJLQHHULQJ3UDFWLFHYRO
QR0DUFKSS
>@.XEDW0+ROWH 5& DQG0DWZLQ 6 ³0DFKLQH OHDUQLQJ
IRU WKH GHWHFWLRQ RI RLO VSLOOV LQ VDWHOOLWH UDGDU LPDJHV´
0DFKLQH/HDUQLQJYROSS


III - 181
